INTRODUCTION {#sec1-1}
============

A main worldwide public health problem is a clustering of cardiovascular risk factors such as insulin resistance, hypertension, glucose intolerance, hypertriglyceridemia, and low high-density lipoprotein cholesterol levels.\[[@ref1][@ref2]\]

Prediabetes, which is defined as impaired fasting glucose and/or glucose tolerance,\[[@ref3]\] is an important risk factor for the development of overt diabetes as well as cardiovascular disease (CVD).\[[@ref4][@ref5]\] Patients with prediabetes are at high risk of future type 2 diabetes, and within 10 years, 70% of them tend to develop type 2 diabetes.\[[@ref6]\] More importantly, patients with prediabetes seem to share the similar associated damage to end target organs, as patients with diabetes.\[[@ref7]\]

The final oxidation product of human purine metabolism is uric acid (UA) and excess serum accumulation can lead to various diseases.\[[@ref8][@ref9]\] Increasing evidences reveal that UA may have a key role in the pathogenesis of metabolic syndrome\[[@ref10]\] and suggested that increased UA is used clinically as a marker of metabolic syndrome and is a risk factor for CVD in the general population.\[[@ref11][@ref12]\] The associations between increased UA levels with components of metabolic syndrome and often accompanied by obesity, raised BP, hyperlipidemia, glucose intolerance, and CVD clustering are reported in many previous studies.\[[@ref13][@ref14][@ref15]\] Also, pathogenetic and epidemiological rationale for a role of serum UA in the development of diabetes is provided in current studies.\[[@ref16][@ref17]\]

Despite prospective clinical cohorts that suggested UA could predict the development of vascular-related diseases like hypertension, diabetes, and metabolic syndrome, the association of UA levels in metabolic syndrome and prediabetes is still unclear.\[[@ref18]\] Also, little is known about the associations of UA levels with cardiometabolic risk factors in prediabetic individuals. Therefore, this study was designed to evaluate the association of UA levels with cardiometabolic risk factors in prediabetic individuals.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design and participants {#sec2-1}
-----------------------------

This population-based cross-sectional study was performed in accordance with the principles of the Declaration of Helsinki, and the ethics committee of School of Medicine in Isfahan University of Medical Sciences, Isfahan, Iran, approved the study protocol. Data collection was conducted in Isfahan Endocrine and Metabolism Research Center outpatient clinics affiliated to Isfahan University of medical sciences. The sample of patients and their first-degree relatives of diabetic patients were recruited between 2003 and 2005 during the conducting of Isfahan diabetes prevention program.\[[@ref19]\] An invitation letter, which described the study, was sent to the first-degree relatives of diabetic patients registered at our center to take part in the study. A total of 643 persons who were desire to participate in the study were eligible and were informed about information sessions and site visits. Inclusion criteria were first-degree relatives of diabetic patients, age of 35-55-years old, and no previous history of proteinuria and recent urinary tract infection. Participants with known systemic diseases, including diabetes mellitus, gastrointestinal disease, hypertension, CVD, pulmonary disease, renal disease or cancer, treatment with corticosteroids or spironolactone, angiotensin receptor blockers, angiotensin-converting enzyme inhibitors and medications that affect insulin sensitivity were excluded. Written informed consent was obtained from all subjects before the start of the study.

Procedures and variables assessment {#sec2-2}
-----------------------------------

Data collection was conducted at the baseline and through follow ups according to Standard of Medical Care in Diabetes. Participants completed a standard questionnaire, which included age and sex as demographic characteristics, body weight and height as physical condition, past medical history and lifestyle risk factors, systolic blood pressure (SBP) and diastolic blood pressure (DBP), UA, creatinine (Cr), albumin (Alb), fasting blood glucose (FBG), and lipid profiles including total cholesterol (TC), triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), and low-density lipoprotein-cholesterol (LDL-C).

Serum Cr, TG, TC, HDL (measured using standardized procedures), and LDL (calculated by the Friedwald equation provided that total TG did not exceed 400 mg/dl).

An oral glucose tolerance test (OGTT) was conducted after a 12-h overnight fast. In all, 75 g of glucose solution was ingested after fasting blood sample was obtained for plasma glucose. Blood samples were obtained at baseline, 30, 60, and 120 min after ingestion and were later assayed for glucose concentrations. Then subjects were classified in two groups according to glucose tolerance status as defined by the American Diabetes Association (ADA) criteria.\[[@ref20]\]

Normal glucose tolerance (NGT) was defined as fasting plasma glucose (FPG) of less than 5.5 mmol/l (100 mg/dl) and 2-h postload glucose of \<7.8 mmol/l (140 mg/dl).Prediabetes was definedagroups. One-way analysis s FPG of 5.5-6.9 mmol/l (100-125 mg/dl) and/or impaired glucose tolerance (IGT) (2-h postload glucose of 7.8-11.0 mmol/l \[140-199 mg/dl\]).

Height was measured barefoot three times to the nearest 0.1 cm using a wall-mounted stadiometer and weight was measured to the nearest 0.1 kg using a calibrated beam scale. Body mass index (BMI) was calculated as body weight (in kilograms) divided by height (in meters squared). Blood pressure was measured after subjects were seated in a chair for ≥10 min with their backs supported as well as their arms supported at heart level. The mean of three measurements was recorded as the blood pressure. Hypertension was defined as SBP ≥140 mmHg and/or DBP ≥90 mmHg or usage of antihypertensive medications.

Statistical analysis {#sec2-3}
--------------------

Statistical Package for the Social Sciences (SPSS) software for Windows, version 20, was used for statistical analyses. Descriptive data are reported as mean ± standard deviation (SD), median interquartile range (IQR) for quantitative variables, and number (percent) for qualitative. Normality distribution of studied variables was investigated using one-sample Kolmogorov --- Smirnov test. For positive skewed variables such as lipid profiles, UA, Alb, and Cr, log-transformation was applied to normalize the distribution. Independent sample *t*-test and chi-square test were used to compare quantitative and qualitative, respectively, studied variables between groups. One-way analysis of variance (one-way ANOVA) or Kruskal--Wallis test was considered for comparing the quantitative dependent variables across the quartiles of UA. Logistic regression and receiver operating characteristic (ROC) analysis were used to evaluate the prognostic value of UA for predicting the prediabetes. Logistic regression analysis was used in different models to examine the association between UA levels and prediabetes. In the first model, we adjusted for age. The second model was additionally adjusted for BMI. The level of significance is considered to be less than 0.05.

RESULTS {#sec1-3}
=======

The prevalence of prediabetes among participants was 47% (302 of 643 participants). The baseline and main characteristics of the studied participants are shown in [Table 1](#T1){ref-type="table"}. As can be seen from [Table 1](#T1){ref-type="table"}, prediabetic persons were older (*P* \< 0.01) and obese (*P* \< 0.001) than normal persons. Also, prediabetic persons had significantly higher UA than normal persons (*P* \< 0.01). We also investigated sex-specific UA level difference in two studied groups; the results showed that in both genders the UA levels in prediabetic patients are significantly higher than normal ones (results not shown). There was no statistical group difference in terms of sex. The results showed significant difference in terms of fasting glucose after 0, 30, 60, and 120 min between groups, which in prediabetic persons were higher than normal persons (*P* \< 0.001). SBP, DBP, TC, and Cr were not statistically significant between groups. TG (*P* \< 0.001) and Alb (*P* \< 0.05) in prediabetic persons were significantly higher than normal persons, and HDL in normal persons were significantly higher than pre-diabetic persons (*P* \< 0.001).

###### 

Demographic and main clinical characteristics in studied groups

![](JRMS-19-262-g001)

In [Table 2](#T2){ref-type="table"} some demographic and main proposed medical characteristics in our study for both groups of study\'s participants across UA quartiles are shown. Analyzed by quartiles of UA levels show that the subjects with higher UA were more likely to be male, in both normal and prediabetic persons (*P* \< 0.001). With respect to metabolic parameters, the patients in the higher UA quartiles exhibited higher levels of FBG and TG in both normal and prediabetic persons (*P* \< 0.05), an increasing trend was found between BMI and UA quartiles in prediabetic as well as normal persons (*P* \< 0.05). In contrast, in prediabetic persons HDL was significantly lower in the higher UA quartile (*P* \< 0.05). There were no statistically significant differences in other variables in both normal and prediabetic groups across quartile of UA.

###### 

Comparison of investigated variables in studied groups across the UA level quartiles

![](JRMS-19-262-g002)

The characteristics of the prediabetic group according to the sex-specific quartile of the serum UA levels are summarized in [Table 3](#T3){ref-type="table"}. The age distribution was similar for males and females. The higher quartiles of UA levels tended to be associated with higher BMI in females (*P* \< 0.05) but were similar in males. No significant trend of other studied variables were found across the quartile of the serum UA levels in both male and female prediabetic persons; just higher quartiles of UA levels tended to be associated with higher TC in female prediabetic persons (*P* \< 0.01).

###### 

Comparison of investigated variables in UA level quartiles separately in each gender in 302 prediabetic subjects

![](JRMS-19-262-g003)

Logistic regression analysis in different models was performed with NGT or prediabetic as the dependent variable and UA as independent variable. As shown in [Table 4](#T4){ref-type="table"}, UA was positively (odds ratio (OR) \>1, *P* \< 0.05) associated with glucose tolerance categories (NGT or prediabetic). This association remained statistically significant after adjusting the effects of age and BMI. Also, the association between glucose tolerance categories and UA in males and females are shown in [Table 4](#T4){ref-type="table"}, separately. As can be seen, the associations were positively significant in both genders. For evaluating the prognostic value of UA, we further conducted ROC analysis. The result is presented in [Figure 1](#F1){ref-type="fig"}. Area under the curve (AUC) and its 95% confidence interval (CI) (AUC = 0.756, 0.532-0.620) indicated that UA is a moderately reliable prognostic index for prediabetes.

###### 

The relationship between UA and prediabetes
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![The ROC analysis for evaluating the prognostic value of UA. ROC = Receiver operating characteristic, UA = Uric acid](JRMS-19-262-g005){#F1}

DISCUSSION {#sec1-4}
==========

Prediabetes is one of important risk factor of CVD, which is associated with impaired fasting glucose and/or glucose tolerance.\[[@ref4][@ref5]\] The growing evidence suggests that prediabetic patients have a substantially increased risk of CVD and death compared with normal patients.\[[@ref10]\] Usually, individuals with prediabetes have no apparent clinical symptoms; therefore, great efforts may be needed to identify them early. Also, they needed to intervene against overweight, physical inactivity, and unhealthy diet in pediatric primary care and through public health services as the root causes of insulin resistance.\[[@ref21]\]

Present study was aimed to assess the associations of UA levels with cardiometabolic risk factors in prediabetic individuals with family history of diabetes mellitus. Evidence suggests that family history by itself is most useful for predicting disease when there are multiple family members affected, the relationship among relatives is close, and disease is premature, i.e. it occurs at younger ages than would be expected.\[[@ref22]\] Based on our results, prediabetic persons had significantly higher BMI, UA level, fasting glucose after 0, 30, 60, and 120 minutes, TG, and Alb than normal persons. Also, quartiles of UA level were associated with FBG, TG, BMI, and SBP in both normal and prediabetic persons.

The prevalence of prediabetes in study population was 47% using the ADA criteria, which was similar to 40.9% of the study subjects in a recent community-based cross-sectional study in Oman.\[[@ref20]\] The prevalence in our study is more than other studies in China,\[[@ref23]\] Malaysia,\[[@ref21]\] and Turkish adults.\[[@ref24]\] Differences between reported studies is due to different study population and diagnostic criteria, which individuals with family history of diabetes mellitus were assessed in present study compared with general population in other studies.

It is reported that in men and women from the general population, UA levels were significantly associated with different categories of impaired glucose regulation independent of known metabolic risk factors and lifestyle variables. In women the associations were more pronounced than in men.\[[@ref21]\] It could be shown that prediabetic subjects had higher UA levels than normoglycemic subjects. Other study demonstrated that UA levels were higher in prediabetic subjects than in nondiabetics.\[[@ref25][@ref26][@ref27][@ref28]\] Despite the different study population, in agreement to other studies in the present investigation, prediabetic persons with family history of diabetes mellitus had also higher UA levels than NGT persons with family history of diabetes mellitus. In a prospective, observational analysis by Krishnan *et al*.,\[[@ref28]\] the association between UA level and prediabetes endpoints was assessed and authors suggested that UA levels can be a useful predictor. Similarly, we find that UA level is in relation with prediabetes and can be a useful predictor.

In the present study, other biochemical parameters such as BMI, FBG after 0, 30, 60, and 120 min, TG, and Alb were also relatively higher in subjects with prediabetes. It is largely unknown whether there are gender-specific differences regarding the association between UA and prediabetic states. Our findings showed that BMI, FBG, and TC were associated with quartiles of UA level in prediabetic persons. Other study reported that in all normal and prediabetic groups, women had a significantly lower SBP than men, whereas DBP was significantly higher in men only in the normal groups.\[[@ref24]\] In contrast, in our study SBP and DBP were not significantly different between than prediabetic males and females. Totally, the present study is based on a cross-sectional survey, which is unable to determine causality or the temporal relationship between CVD risk factors (such as obesity and hypertension,) and prediabetes.

Meisinger *et al*.,\[[@ref11]\] in a multivariable adjusted multinomial regression analysis showed that UA concentration was significantly associated with glucose status of groups; also they reported that high UA levels were associated with glucose intolerance among women. However, this was not the case in men. Authors in this study believed that it seems UA had a high specificity for men and women with prediabetic states. Our findings after logistic regression analysis, similar to Meisinger *et al*.,\[[@ref11]\] study revealed that UA concentration was significantly associated with prediabetes. Also our study showed UA levels were associated with prediabetes in two genders significantly after age adjustment. Our prediabetic subjects had high risk factors, also, this is not to be unexpected because prediabetes is a prelude to type 2 diabetes mellitus and is also associated with various comorbidities, which has been termed metabolic syndrome. The clustering of risk factors indicates the need of cardiometabolic risk reduction in prediabetes through primordial prevention. Recent studies showed that lowering UA level by medication such as allopurinol-improved cardiovascular risk factors and endothelial function and UA reduction contributes to attenuation of cardiovascular risk.\[[@ref29]\] A recent cohort study of hyperuricemic patients reported that the use of allopurinol was associated with a 23% lower all-cause mortality rate.\[[@ref30]\] However, larger clinical trials with longer follow-up periods are still needed to determine the safety and efficacy of urate-lowering therapy such as allopurinol in CVD.\[[@ref31]\]

One of the limitations of our study is that because of the cross-sectional design, the temporal and causal association cannot be assessed, and many confounding factors could affect the results despite the multivariate analysis. Further prospective population-based trials are needed to investigate the association between UA levels with cardiometabolic risk factors in prediabetic individuals.

In summary, our findings suggest that higher UA levels are associated with some cardiometabolic risk factors in prediabetic individuals compared with normal person with history of first diabetes in first-degree relatives; also, UA level was a significant predictor for prediabetic individuals.

The authors thank Isfahan Endocrine and Metabolism Research Center, Isfahan University of Medical Sciences, Isfahan, Iran. Financial support was provided by the Isfahan University of Medical Sciences, Isfahan, Iran.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
